The effect of two insecticides, imidacloprid and pyriproxyfen, were investigated on some biological parameters of ladybird beetle Menochilus sexmaculatus (F.) (Coleoptera: Coccinellidae) under laboratory condition. The ladybird beetle were exposed to insecticides by ingestion of the common pistachio psylla, Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera: Psyllidae) (prey). For imidacloprid, maximum field recommended concentration (MFRC) (1/1 MFRC = 140 ppm), 1/2 and 1/4 MFRC were tested. For pyriproxyfen dilutions of 1/1 MFRC (50 ppm), 2/1 and 1/2 MFRC were used after 24 h. The 100% mortality was observed with imidacloprid in all tested concentrations, whereas no mortality was observed by pyriproxyfen even at the highest concentration (2/1 MFRC). Because of the high mortality observed with imidacloprid, lower concentrations of 1/10, 1/20 and 1/40 MFRC were tested and all predators were killed 3, 7 and 10 days after treatment, respectively. At 1/100 MFRC, no eggs were laid but prey consumption was continued for two weeks. At 1/1 and 2/1 MFRC of pyriproxyfen, ingestion of prey was reduced by 18% and 23%, respectively. At 1/1 and 1/2 MFRC of pyriproxyfen, fecundity and fertility of the coccinellid predator was decreased to 43% and 24.5%, respectively. Imidacloprid at 1/100 MFRC caused significant reduction on fecundity but had no detrimental effect on fertility of the produced eggs. Therefore, unlike the pyriproxyfen that had not acute toxicity, the imidacloprid was extremely toxic to coccinellid at MFRC. However, pyriproxyfen was able to affect on feeding ratio and reproduction of M. sexmaculatus.
Introduction

12
The pistachio tree Pistacia vera is a subtropical plant that adapted to adverse environmental conditions such as water and salinity, drought tolerance and dehydration and might be considered as the best horticultural products in many arid countries. Some of the important factors that reduce the production of pistachio nuts are activities of various pest insects with much greater role than other biotic factors (Mehrnejad, 2001) . Among the insects that are damaging pistachio, the common pistachio psylla, Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera: Psyllidae) is one of the most important pests in Iran. Intense use of pesticides and high ability of psylla to develop resistance to pesticides make failure in chemical control program. Therefore, use of other control methods, particularly natural enemies can reduce the environmental pollution and also enhance the effect of chemical pesticides. Ladybeetles are the most beneficial insects in agricultural ecosystems and play a main role in natural balance and control of aphids, mealybugs, psyllids, whiteflies, leaf hoppers and ticks (Obrycki and Kring, 1998, Planes et al., 2012) . Menochilus sexmaculatus (F.) (Coleoptera: Coccinellidae) is one of the most important biological control agents in various parts of East Asia. Activity of this beetle as a predator of aphids and psyllids has been reported. Also, it has been considered as a common biocontrol agent in the pistachio orchards of Rafsanjan against pistachio psylla (Mehrnejad et al., 2011) . Normally, during the outburst of pests the natural enemies alone are notable to control the pests. Therefore use of pesticides with low risk at the right time is necessary. In addition to the direct effects of pesticides, that is mortality rate, sublethal concentrations of pesticides can also influence the physiology and behavior of natural enemies (Johnson and Tabashnik, 1999) . Sublethal concentrations of insecticides are able to reduce the life cycle parameters such as growth (Vinson, 1974) , fertility (Stark et al., 1992 ; Grosch and Hoffman, 1973) , fecundity (Rezaei et al., 2007; Stark et al., 1992; Graepel, 1982) and lead to change in sex ratio (Vinson, 1974) , consumption ratio (Desneux et al., 2006) .. Also, the sterility and repellency have been reported in laboratory studies (Croft, 1990) . Imidacloprid is a neonicotinoid insecticide and acts on the insect nervous system by attaching to the acetylcholine binding sites (Elbert et al., 1991) . Pyriproxyfen, a juvenile hormone analog, is an insect growth regulator (IGR) considered as effective insecticide for control of pests (Liu and Stansly, 2004) . The effects of high concentration of malathion on reduction of reproduction, survival and fertility of eggs of M. sexmaculatus have been reported by Parker et al. (1976) . Use of chemical insecticides, fungicides, acaricides and plant growth regulators had adverse effect on fertility and feeding behavior of Cryptolaemus montrozieri (Mulsant) (Coleoptera: Coccinellidae) (Simmonds et al., 2000) . Study of the effects of spinosad and indoxacarb on the growth and reproduction of Harmonia axiridis (Coleoptera: Cocinellidae) showed that the insecticides reduced the population of this predator through reduction of growth and reproduction (Galvan etal., 2005) . In this research, the compatibility of a biorational insecticide (pyriproxyfen) and a conventional insecticide (imidacloprid) has been investigated on the adults of M. sexmaculatus following ingestion of treated prey, A. pistacia with different concentrations of each insecticide. Studies have focused to describe the effects of insecticides on survival, prey consumption and reproduction of M. sexmaculatus.
Materials and Methods
Insect culture
Menochilus sexmaculatus was collected from pistachio orchards of Rafsanjan, Iran. Beetles were held in plastic boxes and fed on the common pistachio psylla nymphs, Agonoscena pistaciae, which were also collected from pistachio orchards. Beetles were reared in the growth chamber. All tests were performed in the growth chamber at 25 ± 5 o C, 60 ± 5% RH and 16:8 (L: D) h. For all experiments the beetles were checked every 12 hours and beetles of same age were chosen. Eggs (> 12 h) were chosen and were monitored until they were adults.
Insecticides and bioassays
Commercial formulations of two insecticides, imidacloprid (Confidor, 35% suspension concentration, Kavosh Kimia) and pyriproxyfen (Admiral, 10% suspension concentration, Arista Life Science) were used. The following concentrations of the pyriproxyfen were used: Field recommended concentration (1/1 MFRC) on pistachio orchards against A. pistaciae (50 ppm), 2 MFRC (100 ppm, to pretend multiple treatments) and 1/2 MFRC (25 ppm, to evaluate sublethal effects). Because of the high mortality observed in all three concentrations of imidacloprid, including of MFRC (140 ppm), 1/2 MFRC (70 ppm) and 1/4 MFRC (35 ppm) and also based on the results of pre-tests with other concentrations (1/10, 1/20, 1/40 MFRC), the concentration of 1.4 ppm (1/100 MFRC) was used to test the sublethal effects on M. sexmaculatus. Distilled water was used as control.
Effects of pesticides on ingestion of treated prey by M. sexmaculatus
Effects of imidacloprid and pyriproxyfen were investigated on feeding rate of M. sexmaculatus adults 5 th instar psylla nymphs, which were treated with different concentrations of each insecticide. Also, distilled water was used as control. For this purpose, 10 M. sexmaculatus females were selected as soon as the first mating was observed and were placed in Petri dishes (9 cm in diameter) individually. To determine the effects of infested psylla nymphs on feeding rate of M. sexmaculatus, the pistachio leaves, containing psylla, were dipped in insecticides dilutions for five seconds, and left to stay for half an hour. Afterwards, 150 insecticide-treated prey (5 th instar nymphs) were randomly separated from the treated leaves and were placed on the clean leaf disk in each Petri dish containing one female predator. During the test, remaining nymphs were discarded daily and predators were fed with new treated prey. In these experiments, the number of preys eaten by adults of M. sexmaculatus and their mortality were recorded for two weeks.
Effects of insecticides on M. sexmaculatus reproduction
In this study, M. sexmaculatus adults were exposed to insecticides through ingestion of treated A. pistaciae. Ten pairs of adults were collected and each couple was placed in one Petri dish. Later, ladybeetles were exposed to the certain concentrations of insecticides by feeding of infested prey for two weeks. To investigate the pre-oviposition period, the insects were fed by treated prey from adult emergence and pre-oviposition period was 1recorded from emergence to production of the first egg for each couple (Wermelinger and Sefert, 1999) . Distilled water was used as control. In this test, pre-oviposition period, oviposition, fertility of eggs and mortality percentage of adults were evaluated for two weeks.
Effects of insecticides on mortality of A. pistaciae
The pistachio leaves, infested by psylla, were dipped in different concentrations of insecticides for five seconds and left to stay for half an hour. Afterwards, forty 5 th instar treated nymphs were randomly separated from the treated leaves and were placed on the clean leaf disk. After 24 h, the mortality of nymphs was recorded. Distilled water was used as control. Three replications were prepared for this experiment.
Data analysis
The experiments were conducted in a completely randomized design with 5 treatments (control, three concentrations of pyriproxyfen and one concentration of imidacloprid). Data were analyzed with SPSS 22 and average of parameters was compared by Tukey ' s multiple range test at P < 0.05.
Results
Lethal effects of the insecticides
Mortality of M. sexmaculatus adults was %100, 24 h after ingestion of A. pistaciae which were treated with imidacloprid at 140 ppm (1/1 MFRC), 70 ppm (1/2 MFRC) and 35 ppm (1/4 MFRC). Also, 100% mortality was observed in coccinellid adults fed on prey treated with imidacloprid at 14 ppm (1/10 MFRC) after three days, 7 ppm (1/20 MFRC) after seven days and 3.5 ppm (1/40 MFRC) after ten days. Furthermore, no eggs were laid by M. sexmaculatus in any of these treatments. Therefore, 1.4 ppm (1/100 MFRC) was used as sublethal concentration to determine the effects of imidacloprid. After two weeks, no mortality was observed in control, 1.4 ppm imidacloprid and 25 ppm pyriproxyfen treatments but pyriproxyfen caused mortality of 10% and 40% at higher concentrations of 50 and 100 ppm, respectively (Table 1) .
Ingestion of treated prey by M. sexmaculatus
After two weeks, no significant effect was observed in feeding rate of M. sexmaculatus at 1.4 ppm of imidacloprid (75.55 ingested preys) and pyriproxyfen at 25 ppm (79.80 ingested preys) as compared to control (82.65 ingested preys). Whereas, at the higher concentrations of pyriproxyfen, 50 ppm (1/1 MFRC) and 100 ppm (2 MFRC), the number of prey nymphs were 68.12 and 64.84, respectively, which were significantly lower than control (F = 9.02; df = 4,65; P < 0.05). Also, the more time predator was exposed to the toxin the less was feeding rate (F = 4.51; df = 13,56; P < 0.05) ( Table 2 ).
Effects of insecticides on fecundity of M. sexmaculatus
Results from this experiment revealed that reproduction of M. sexmaculatus was significantly reduced when exposed to the treated prey with all concentrations of pyriproxyfen and imidacloprid compared to control (F = 9; df = 4,36; P < 0.05). In all treatments the egg production started at day two (Fig. 1) . The lowest daily number of eggs (2 eggs/female) was laid at 100 ppm pyriproxyfen, which was significantly lower than the two other concentrations (6 and 8 eggs/female for 50 and 25 ppm respectively) and control with 8 eggs/female. Besides, egg laying did not continue past 7 days, whereas in control eggs were laid through the whole two weeks. Also, 5 eggs / female were laid daily when the ladybeetles were treated with 1.4 ppm imidacloprid, which was significantly lower than control. When predator was exposed to pyriproxyfen at 25 and 50 ppm, no eggs were laid past 11 days. Likewise, no egg was observed at 100 ppm of pyriproxyfen and 1.4 ppm of imidacloprid after 7 and 8 days, respectively.
Based on the results obtained from counting of the eggs hatched in two weeks, imidacloprid despite having adverse effect on egg production, did not cause significant effect on M. sexmaculatus fertility at the concentration of 1.4 ppm compared to control (t = 7.8; df = 13,18; P > 0.05) and 83.83% of the eggs hatched, but fertility was significantly reduced when predator fed on prey treated with any concentration of pyriproxyfen used in this experiment (F = 302; df = 3,36; P < 0.05) (Fig. 2) .
After 3 days 88.77% of the eggs were hatched in the control, whereas at 100 ppm of pyriproxyfen no egg hatch was observed. Furthermore, at 25 and 50 ppm of pyriproxyfen only 22.45% and 4.13% of the eggs hatched.
Findings showed that neither insecticide affected the pre-oviposition period of predator compared to control. Pre-oviposition period was four days in all treatments.
Insecticidal activity of imidacloprid and pyriproxyfen on A. pistaciae Lethal effect of both insecticides was investigated on the 5 th instar nymphs of A. pistaciae. After 24 h, 88% and 38% mortalities were observed when psylla were exposed to 1/1 MFRC of imidacloprid and pyriproxyfen, respectively. Pyriproxyfen caused 16% and 61% mortality at concentrations of 2/1 MFRC and 1/2 MFRC, respectively. Imidacloprid caused 66% and 44% mortality after 24 h at 1/2 and 1/1 MFRC. Imidaclopride was more toxic (1.4 times) than pyriproxyfen against psylla at the field rate (Table 3) . 
Discussion
The purpose of this study was to evaluate the lethal and side effects of two different groups of insecticides, imidacloprid (neonicotinoid) and pyriproxyfen (IGRs) against M. sexmaculatus. In this research, only ingestion of insecticidetreated prey has been tested to evaluate the effects of insecticides on adult ladybeetles. Feeding on 5 th instar nymphs of psylla treated with imidacloprid increased the mortality and decreased consumption rate and reproduction at 1/1 MFRC and even at lower concentrations (e.g. 1/40 MFRC). Although, the reproduction of the predator was not influenced by pyriproxyfen at the field rate (50 ppm) but the hatching rate or fertility of adults were decreased significantly.
Our findings showed little compatibility between M. sexmaculatus and use of imidacloprid or pyriproxyfen. We found that within 24 h, imidacloprid was more toxic than pyriproxyfen to adult M. sexmaculatus. Imidacloprid at 1/1, 1/2, 1/4 and 1/10 MFRC caused 100% mortality but, at 1/1, 1/2 MFRC of pyriproxyfen no mortality was observed. No harmful effect was observed after topical application of pyriproxyfen on Chrysoperla externa (Hagen) (Zotti et al., 2013) and Chrysoperla carnea (Stephens) (Medina et al., 2003) , in which the lack of toxicity of pyriproxyfen was attributed to its quick defecation time (24 h) (Medina et al., 2003) .
Moreover, chronic toxicity was observed in adult of M. sexmaculatus when fed on A. pistaciae, which were treated with the lower concentrations than 1/1 MFRC of imidacloprid i.e.,1/10, 1/20 and 1/40 MFRC, as 100% mortality was observed after 3, 7 and 10 days, respectively. Also, from this study, it could be concluded that pyriproxyfen and imidacloprid affected the feeding rate of M. sexmaculatus, but imidacloprid had more effect compared with pyriproxyfen and less of Psyllid nymphs treated with imidacloprid were consumed by M. sexmaculatus. Imidacloprid at 18 times less concentration (1.4 ppm) than pyriproxyfen (25 ppm) had almost the same effect on reduction of M. sexmaculatus feeding rate It is worth mentioning that imidacloprid at concentration of 1.4 ppm (1/100 MFRC) reduced the fecundity, but had no effect on fertility of M. sexmaculatus female eggs. In the continuation of these experiments we found, that pyriproxyfen at all three concentrations used was effective and reduced the fecundity of M. sexmaculatus. Furthermore, reverse relation was observed between concentration of pyriproxyfen and M. sexmaculatus fecundity and fertility, in which by increasing of the concentration, fecundity and fertility were decreased, hence effects of pyriproxyfen on immature stages of predator (e.g. egg) was more than imidacloprid. Also no significant differences were observed in pre-oviposition period of different treatments, as it was four days in all treatments. Results of our study revealed that none of the eggs were hatched in high concentration of pyriproxyfen (100 ppm) and only 4.13% and 22.45% of eggs were hatched at concentrations of 50 and 25 ppm, respectively. The same result was observed on the effect of pyriproxyfen on the predator Delphastus catalinae (Horn), as only 0.3% of D. catalinae eggs were hatched when fed on whitefly ' s egg treated with high concentration of pyriproxyfen (0.2 gr/lit) (Liu and Stansly, 2004) . Also, the effects of pyriproxyfen were determined on the predators Cryptolaemus montrouzieri Mulsant and Chilocorus circumdatus Gyllenhal via treated host.
Pyriproxyfen was more effective on the C. circumdatus, and at the high concentration (100 ppm) prolonged hatching time (Smith et al, 1999) . As reported by Planes et al. (2012) , pyriproxyfen was categorized as detrimental for larvae of C. montrouzieri, because of the acute pupal mortality. Furthermore, adults of C. montrouzieri fed with prey treated with pyriproxyfen showed improved fecundity, but eggs were not fertile and could not hatch. Moreover, the larvae fed on pyriproxyfentreated prey did not develop to the adult stage.
In another study, the sensitivity of predator Podisus maculiventris (Say) to two pesticides, imidacloprid and diafenthiuron was evaluated and showed that percentage of adult mortality was high in both pesticides (De Cock et al., 1996) . In our research, based on both lethal and sublethal effects on adult of M. sexmaculatus, none of the insecticides were compatible with augmentative releases of this coccinellid predator.
Concerning the adverse effects of imidacloprid on survival of M. sexmaculatus adult at MFRC and lower concentrations, it is advisable to limit its use as much as possible to decrease chances of predators being affected by the compound It is concluded that pyriproxyfen compared to imidacloprid had lower toxicity at the field rate, but caused sublethal effects on M. sexmaculatus including effects on reproduction and prey consumption ratio and most probably it has detrimental influence on its population growth. Finally, it is very important to evaluate the side effects of sublethal concentrations of pesticides in order to devise appropriate trials for the application of both conventional and biorational insecticides in the IPM programs.
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